Abstract. This paper adopts neutral slow passivation on the formation of cerium nitrate passivation film were studied. The electrochemical impedance spectroscopy and polarization curves of passivation film were measured after different immersion time; and analyzes the deposition of cerium passivation film on the surface by scanning electron microscopy to characterize the morphology, the surface of the XPS test.
Introduction
The initial research process of rare earth cerium salt passivation is called neutral slow passivation process. The characteristic is: without adding film assistant, the pH value of passivation liquid is about 5.5~7.5, which is basically neutral. The passivation speed is relatively slow, and the time needed for passivation is about 7 d. From the perspective of industrial application, the neutral slow passivation process takes too long, so it doesn't make any sense. However, the film produced by slow passivation is more compact and can be used to study the change of the composition and thickness of the membrane with time, which facilitates the analysis of the film forming mechanism. Later, the researchers explored an acid-fast passivation process [1] [2] [3] [4] [5] [6] [7] [8] , which is characterized by the rapid passivation of the film in the case of more suitable pH (adding buffers), cerium salt concentration and strong oxidants. The pH value of the solution is about 1.0~4.0, and the growth speed of the passivation film is very fast. If the passivation temperature is high or the acid is strong, the passivation process can complete [9] even in half a minute.
Experimental Materials, Equipment and Method

Experimental Materials Reagents
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carbon steel(Q235) were in size of 50 mm×20 mm×0.8 mm, and the reagents used included Ce(NO 3 ) 3 ·6H 2 O, H 2 O 2 (30% wt%), HNO 3 (65% wt%), HCl, NaOH, HBO 3 , NaCl, Na 2 SiO 3 , Na 3 PO 4 , Na 2 CO 3 , emulsifier (OP-10), CuSO 4 ·5H 2 O, ethanol, carbinol, acetic acid cellulose tape and deionized water.
Experimental Instruments
The main instruments used in the experiment are shown in Table 1 . In addition, the Pt electrode used in the experiment is self-made, the working area is about 2 cm 2 , and the reference electrode is the saturated calomel electrode purchased. 
Method Experimental
The Q235 carbon steel samples were polished by W40, W20 and W5 respectively, the black dirt wiped producing by rubbing with alcohol, welded to a copper wire about 10 cm, degreased by alkaline degreasing liquid and immersed in an acid solution for activation, passivated by a chemical immersion method [10] and aged for 24 h. at room temperature. Passivation film adhesion test was according to GB9791-88 "zinc and chromium chromate conversion film test method." The initial test of the film anti-corrosion was used copper sulfate drip test, further testing was used EIS and polarization curvilinear test. The morphology of the film was observed by SEM, and the composition was analyzed by EDS and XPS.
Experimental Results and Analysis
In order to study the film forming mechanism of passivating film, the neutral slow passivation process was selected to study [11] . In the experiment, 0.1M cerium nitrate was selected, and the passivation time was 1 h, 24 h and 96 h. The impedance and polarization curves of different passivation times were measured, the corrosion resistance of the films was evaluated, and the passivation mechanism was explored by combining the morphology test and composition analysis.
Different Time Impedance Changes of Passivation
The impedance Atlas of 0.1M after 1 h, 24 h, and 96 h is passivated by cerium nitrate, as shown in Fig.1 . It can be seen from the graph that with the extension of time, the impedance of the membrane is gradually increasing, and the corrosion resistance of the membrane is also getting better. This is consistent with the 4-day (aeration) film growth reported in the literature. From the impedance of it can be seen that the corrosion resistance of passivation film generated by the 96 h neutral conditions is the corrosion resistance of passivation film is better than acidic conditions fast passivation process generated, the reason is that in the case of slow deposition, film growth will be more uniform and compact film, thin weak area is relatively less and the corrosion resistance will be better. Figure 1 . Impedance test chart of neutral passivation at different time.
Change of Polarization Curves at Different Time in Passivation
Polarization curves for different periods of time are shown as shown in Fig.2 . Table 2 lists the self corrosion current density of passivation film after different passivation time. From the numerical value, it can be seen that the corrosion resistance of film is getting better gradually, which is consistent with the result of impedance test. 
Changes in Morphology and Composition of Passivation at Different Time
50000 times the scanning electron microscopy of the passivation at different times, as shown in Fig.3 . From 0.1 SEM M Ce(NO 3 ) 3 .6H 2 O passivation 1 h(a), 24 h(b), 96 h(c) SEM diagram comparison, 1 h has particle deposition, but uneven size, 24 h when particles become massive, but there are many depression, these weak places will lead to corrosion. After 96 h of particle density, but is not very uniform, some places still have massive depression, but the film is thick, and not so easy to be corroded, if the soaking time is further extended, these will further aggravate the inferred sag, the thickness is too large, the film will appear off, foaming phenomenon. Overall, the film presents non-uniform microstructure, that film is composed of many large and small particles, with the extension of soaking time, the density of the film will be better, will gradually block tightly, the gradual change of good corrosion resistance. Figure 4 is a XPS test map different passivation time, from the figure, the early stage of immersion, the film began to trivalent cerium, mainly Ce (OH) 3 [11] with the extension of soaking time, in the 916 eV satellite peak, there may be a major presence of tetravalent cerium, form two oxidation it should be a trivalent cerium cerium, was oxidized, this film is a mixture of trivalent and tetravalent, that is to say the initial soaking soak is formed of trivalent [11]cerium, later tetravalent cerium enriched 
XPS diagram of Passivation at Different Time
Conclusion
Under neutral slow passivation process, the impedance increases slowly with time, and the growth rate is relatively slow. This is because the passivation film gradually covers the surface of the sample, suppresses the cathodic reaction and slows down the growth speed of the passivation film. From the SEM diagram of the passivation film, it is found that the membrane is inhomogeneous and can be considered to be made up of many large and small particles. From the XPS map can be seen in the film, the surface passivation film first is trivalent cerium, and hydrogen peroxide as cerium.
